Objective-Myocardial injury is an important cause of mortality and morbidity after paediatric cardiac surgery. Data obtained from studies in aniimals imply that juvenile myocardium is more resistant to the effects of ischaemia and reperfusion than adult myocardium but there is little confirmatory evidence in the clinical setting. Design-Prospective observational study of biochemical markers of myocardial injury in a paediatric population undergoing cardiac surgery. Setting-Tertiary referral centre for paediatric cardiac surgery. Patients-Forty patients undergoing paediatric cardiac surgery of varying complexity including closure of atrial and ventricular septal defects and arterial switch for simple transposition. A control group included patients undergoing thoracotomy for closure of a patent ductus arteriosus or repair of a coarctation. Interventions-Serial measurements of myoglobin, the MB isoenzyme of creatine kinase (CK-MB), and the highly specific markers of myocardial damage cardiac troponin T (cTnT) and I (cTnI) were made before and 1, 6, 24, and 48 to 72 hours after operation. Results-There were significant increases in myoglobin and CK-MB, but not cTnT or cTnI, in the control group. There were significant increases in the four biochemical markers in all the cardiac operations but especially in the ventricular septal defect and transposition group. Increases in CK-MB and cTnT were about five times greater than those previously reported in adult patients.
diatric cardiac surgery of varying complexity including closure of atrial and ventricular septal defects and arterial switch for simple transposition. A control group included patients undergoing thoracotomy for closure of a patent ductus arteriosus or repair of a coarctation. Interventions-Serial measurements of myoglobin, the MB isoenzyme of creatine kinase (CK-MB), and the highly specific markers of myocardial damage cardiac troponin T (cTnT) and I (cTnI) were made before and 1, 6, 24, and 48 to 72 hours after operation. Results-There were significant increases in myoglobin and CK-MB, but not cTnT or cTnI, in the control group. There were significant increases in the four biochemical markers in all the cardiac operations but especially in the ventricular septal defect and transposition group. Increases in CK-MB and cTnT were about five times greater than those previously reported in adult patients. The control group showed a highly significant (P < 0 01) increase in myoglobin and CK-MB but no increase in either cTnT or cTnI. For groups 2-4 peak values of myoglobin (fig 1) and CK-MB ( fig 2) were reached one hour after the end of the ischaemic period (P < 005) while those of cTnT ( fig 3) and cTnI ( fig 4) were reached six hours after the end of the ischaemic period (P < 0 05).
Conclusions-(i)
The largest increases in CK-MB and cTnT were seen in the VSD and arterial switch groups with peak concentrations about five times higher than those previously reported in adults undergoing myocardial revascularisation'01' or aortic valve replacement (unpublished observations). The ASD group showed increases in CK-MB and cTnT similar to those previously reported in adults'01" and considerably less than those of the VSD and arterial switch groups. Changes in cTnI (which we have not previously measured in adults) were broadly similar to those of cTnT.
CLINICAL OUTCOME Three patients died in the postoperative period (one from the VSD group and two from the arterial switch group). The serum concentration of cTnT exceeded 12,ug/l between three and six hours in these three 
Discussion
This study supports the cardiac specificity of cTnT and cTnI as markers of myocardial injury during paediatric cardiac surgery. Whereas myoglobin, and to a lesser extent CK-MB, increased significantly in all groups, including the control group who were not subjected to direct myocardial injury, the increases in cTnT and cTnI occurred only in the cardiac surgery groups. Our results do not support the contention46 that paediatric myocardium is more resistant to ischaemia and reperfusion than its adult counterpart. The peak concentrations of CK-MB and cTnT in our VSD and arterial switch patients were about five times times higher than those observed in adult patients undergoing myocardial revascularisation'0II or complex aortic valve surgery (unpublished observations) with comparable ischaemic times and similar myocardial preservation techniques. These differences are even more impressive when we bear in mind that the heart forms a smaller proportion of the body mass in infants than it does in adolescents and adults. 12 The discrepancy between our observations and those from studies in animals46 might be explained in the differing models of myocardial injury. The vulnerability of paediatric myocardium to ischaemia and reperfusion has been determined almost exclusively in studies of the hearts of healthy young animals which Our study raises the possibility that the serum concentration of cTnT between three and six hours after operation might be of some prognostic value. The three patients who died had a serum concentration of cTnT in excess of 12 jug/l compared with only one of 27 survivors. Confirmation that the postoperative cTnT concentration is of prognostic value would, however, require a larger study and a correlation between biochemical markers of myocardial damage and echocardiographic or a more invasive assessment of ventricular function.
We hope that our findings will stimulate the search for more effective and specific methods of myocardial protection in the neonatal heart which could help to optimise the early and long term results in these patients.
